One of the two possible explanations for the progressive nature of certain hemolytic reactions (Ponder and Cox, 1952) is that the system contains an internal phase near the red cell surfaces, and that this phase is less affected by dilution than is the bulk phase of the system. There is indirect evidence in favor of this explanation in systems containing saponin, digitonin, and sodium taurocholate (Ponder, 1953) , but it is desirable that the evidence on such an important point should be direct because, if an internal phase is formed, the kinetics of the hemolytic system have to be considered in relation to the concentration of lysin there, rather than (as heretofore) in relation to the initial lysin concentration in the system. An attempt has already been made (Ponder, 1946) to show that saponin, sodium taurocholate, and sodium glycocholate form an internal phase, different in concentration from, and to some extent independent of, the concentration in the bulk phase. Furfural was used in the development of a color reaction with the bile salts, and the Mecke reagent for a color reaction with saponin. No evidence of there being an internal phase was obtained, but the lysins could be used only in very low (subasymptotic) concentration, and under such conditions recent considerations have pointed to the reaction between lysin and cell components being a reversible one in which only a small amount of the lysin is combined with the cell components at any one time (Ponder, 1948) . In other experiments, however, sodium taurocholate was allowed to react with red cell ghosts for some hours, and still no evidence for the accumulation of the lysin in an internal phase, or of the "utilization" of lysin in a hemolytic reaction, was obtained.
of lysins by red cells at less than asymptotic concentrations, were misleading because of the smallness of the amounts taken up and the inability of the color reactions to detect them with certainty. The use of radioactive hemolysins and of new color reactions enables one to detect uptakes of at least five lysins, and it is with the results of applying these new methods that this paper is concerned.
I Sodium Dodecyl Sulfonate-S ~5
Consider a system containing 1 ml. of washed human red cells in volume concentration 0.05, i.e. 7 X 108 cells, to which is added 1 ml. of the synthetic detergent in various concentrations at pH 7. In a concentration of 2.7 mg./ml., or a dilution of 1 in 370, complete hemolysis occurs in about 1 hour at 25°C. In this system there are 6 X 10 TM lysin molecules or about 101° molecules per cell, and if all the lysin molecules were fixed at the cell surfaces there would be one such molecule per A 2. Since the detergent molecule, arranged normal to the cell surface, would cover about 10 A ~, there are considerably more lysin molecules available in the system than are needed to provide a monolayer.
In a concentration of 0.55 mg./ml., or in a dilution of 1 in 1,850, a trace of lysis occurs after 1 hour at 25°C. In this system there are only 2 X 109 lysin molecules available per cell, or about twice the number for a monolayer.
It should be noticed that calculations of this kind are apt to be very misleading, because in most hemolytic systems there is not a simple proportionality between the amount of lysin required for complete, or just commencing, hemolysis and the number of red cells which the hemolytic system contains (Ponder, 1948) . In systems conraining digitonin, for example, a sixteenfold reduction in the number of red cells is associated with only a twofold decrease in the amount of lysin required to produce complete hemolysis (see below); a calculation similar to the preceding, but carried out for the system containing one-sixteenth the number of cells, would accordingly show that the number of lysin molecules per cell is not 6 × 107, but 48 X 107, or eight times greater. General propositions such as that of Gorter (1937) , to the effect that the amount of a lysin which produces complete hemolysis is the amount which will form a monolayer on the cells, can be made to look either attractive or untenable by selecting the system in connection with which the calculations are made.
These calculations are based on all the lysin molecules in the system becoming fixed at the red cell surfaces. The quantities fixed may be smaller in reality, and are found experimentally in the following way.
Two kinds of systems are prepared. The first contains 1 ml. of the detergent in a dilution of 1 in 3,700 (cx = 0.27) and 1 ml. of red cell suspension of volume concentrations 0.2, 0.1, 0.05, and 0.025. The second contains 1 ml. of the detergent in dilutions varying from 1 in 370 (cx --2.7) to 1 in 5,560 (cl = 0.19), together with 1 ml. of the red cell suspension of volume concentration 0.05. The cells and the lysin are allowed to stand together for 60 minutes at 25°C. At the end of this time the cells are thrown down with a fast centrifuge; 0.1 ml. of each supematant fluid is removed and dried on a planchette. The radioactivity of each is measured and is compared with the radioactivity of the initial lysin concentrations cl. Measurements of the radioactivity of the packed cells were also made for confirmation of the results obtained for the supernatant fluids.
The concentration c2 of the lysin in the supernatant fluids of the systems can be calculated from these data, the quantity of lysin taken up by the cells being A = c~ --c¢. Table I shows these values of A, in milligrams. Fig. 1 , curve a, shows A plotted against cl for systems containing 7 × 10 s red cells; the relation is a fiat curve concave to the craxis, and with values of A/q varying between 0.52 and 0.40. It will be seen below that it is convenient to express the ratio cl/cx --h as a ratio cl/c2 = R, and when this is done R is found to vary between 2.4 and 1.6. Fig. 1 , curve b, shows A plotted against N, the number of red cells in the system, for a system in which cz -0.27 (row 2 of Table I ). The relation resembles an adsorption isotherm, and plotting C/A against C gives a good straight line, with the constants of the Langmuir (1918) equation a -2.8, fl = 2.4. When N -l0 s, A _ 0.06, so R at this cell concentration is 1.3. It is this value which will be used in Table II , which refers to systems containing 108 cells.
II

Digitonin and Saponin
Consider a system containing 1 ml. of washed human red cells in a concentration of 108 cells per ml., to which is added 1 ml. of digitonin in various concentrations at pH 7. Complete lysis is produced in 1 hour at 25°C. in a concentration of 127/ml. or approximately 10 -5 M; i.e., in a dilution of the lysin of about 1 in 80,000. In this system there are 6 X 107 lysin molecules per cell, and there would be one molecule for every 170 A 2 of red cell surface if all the lysin were concentrated there. Since a digitonin molecule can cover about 600 A s, the lysin molecules of the entire system would be able to form only between 3 and 4 monolayers. This situation corresponds to complete lysis; a few cells, however, hemolyze when the system contains only about 2 X 10 ~ lysin molecules per cell, and this number would be about sufficient to form a monolayer if all the lysin were concentrated at the cell surfaces. If the concentrations of digitonin are less than the asymptotic concentration for the system, the quantities of lysin taken up at the red cell surfaces are too small to be measured with certainty even with the anthrone reagent, as described below. Larger concentrations of lysin liberate some Hb, which interferes with the color of the digitonin-anthrone reaction. If almost Hb-free ghosts are substituted for red cells, however, much larger concentrations of digitonin can be added, and it is then possible to show that some of the Ivsin is taken up by the ghosts.
A suspension of human ghosts derived from 20 ml. of a standard red cell suspension is made by hemolyzing the cells in COrsaturated 0.1 per cent saline, and the ghosts are suspended in 5 ml. of saline, after one washing. 1 ml. of dlgitonin, in concentrations from 1007/ml. to 20"y/ml., is added to 1.0 ml. of the ghosts' suspension, and after 10 minutes' standing at 25°C. the ghosts are thrown down with a fast centrifuge. The supematant fluids of the systems are removed, and to 1 ml. of each is added 5 ml. of 0.14 per cent anthrone in concentrated H2SO~. The mixtures are stirred with glass rods and are heated to 70°C. for 1 hour; they are then cooled, and the intensity of the green color is determined for each supematant fluid in a spectrophotometer at 6100 A. Appropriate blanks, one for the anthrone reagent itself and one for the anthrone reagent plus I ml. of the supematant fluid of the ghost suspension, are included.
The determination of the amount of saponin taken up by ghosts is carried out in a similar way. The concentrations of sapouin which give good color lie between I rag./ ml. and 0.3 mg./ml. The color given by the reagent is blue-green; it develops immediately, and is stable for about i0 minutes.
These colorimetric determinations show that the quantity of digitonin taken tlp by the suspension of ghosts described varies from 0.44 Cl to 0.6 ¢i, so that R = ct/cs varies between 1.8 and 2.5. In the case of saponin, R varies between 1.15 and 1.3. The function relating A to ci is always slightly concave to the el-axis, a little more lysin being taken up, proportionately, when ci is small than when ci is large. The methods are not sensitive enough to detect, with any certainty, uptakes from concentrations of digitonin and saponin a little less than those which produce just commencing lysis in systems containing 10 s ceils, or even five times this number.
The values of A and of R given by these colorimetric methods are minimum values, because the addition of the lysins to ghosts and in some cases to red ceils results in the liberation of substances which give color with the reagent. When the amount of lysin taken up is small, the amount of these liberated substances may be large enough to completely offset, and even more than offset, the disappearance of the lysin, so that the blank of the experiment may give more color than the solution from which lysin has (presumably) been taken up. Such an occurrence has been suspected (Ponder, 1946) , and can now he demonstrated in two ways. (a) Sodium taurocholate reacts with anthrone in concentrated H~SO4 to give a stable yellow-orange color. When concentrations of tanrocholate, such as 2.5 mg./ml., are added to equal volumes of a red cell suspension of volume concentration 0.25, it is possible to throw down the cells without lysis occurring provided both the lysin and the suspension are cold; the supernatant fluid, however, gives more color with anthrone than does the lysin diluted I to 1.75 with saline. If lysin is taken up, the liberation of interfering substances completely prevents its detection, and it seems impossible to set up suitable blanks because the interfering substances do not appear to be liberated until the lysin is added to the system. (b) The du Noiiy tensiometer can be used to measure the surface tension of either sodium taurocholate, sodium glycocholate, or sodium lauryl sulfate as a function of concentration, but attempts to measure the quantity of these lysins removed by red cells or ghosts have met with the difficulty that the surface tension of supernatant fluids derived from systems containing red cells or ghosts and the lysins is less than that of the lysins themselves, diluted so as to allow for the effect on their concentration of the fluid in which the red cells or ghosts are suspended. This decreased surface tension is clearly due to a liberation of surface-active material from the cells or ghosts, and it effectively masks any increase in surface tension which would result from small quantities of the lysins being taken up at the red cell or ghost surfaces. Again, there is no way of allowing for the effect of the liberated material, which seems to appear in the fluid surrounding the cells when the lysin is added in the very concentrations from which uptakes might reasonably be expected to occur and to be measurable. 1 III DISCUSSION The result of these experiments, which show several lysins to be taken up by the red cell or by the ghost and which provide an explanation for uptakes not being obtained when they would be expected to be, is more understandable than the result of earlier experiments which did not show either saponin or the bile salts to be removed from the fluid surrounding the cells. The situation is still complex, however, as can be seen by listing the methods by means of which one can measure, directly or indirectly, the apparent quantity of lysin removed by cells and ghosts, together with the results which have been obtained.
These methods are: (1) measurement of the reduction in lysin concentration in the fluid surrounding the cells or ghosts, after these have been allowed to remain in contact with the lysin. The measurements can be made in various ways (measurement of radioactivity and colorimetric measurements). If the initial concentration of lysin is c, and the final concentration is c2, the quantity removed is A; then cl/c, --A = cl/c2 = R. (2) Measurement of the amount of lysis produced in a second population of red cells, added to a system after the lysis of a first population. The lysis of the first population presumably uses up lysin, and only that which remains is available for the lysis of the second population. The quantity of lysin required to produce a certain percentage hemolysis (usually 100 per cent) in the first population and the quantity required to produce the same amount of lysis in the second population can be expressed as a ratio, R'. (3) Since not all the lysin in a system may be able to react with the cells because some of the lysin molecules are too remote from the cell surfaces, one can measure the fraction of the lysin which appears to react. This is done by comparing asymptotic concentrations of lysin, c~, for systems containing various numbers of cells. The result of plotting c~ against the number of cells N is a straight line which makes an intercept c~.0 on the c~-axis, and the equation of which is The tensiometer cannot be used to measure the concentration of digitonin or of saponin, which forms solid films at air-water interfaces.
At least two meanings can be attached to this experimental relation (Ponder, 1948) . The first is that only the lysin contained in a region near each cell surface enters into the reaction. In this case the volume containing the lysin acting on each cell is
where V is the volume of the hemolytic system containing N cells and where R is the ratio of the asymptotic concentration of lysin for this system to the asymptotic concentration for a system containing 2N cells, N being chosen so as to be as small as possible. The second is that r/V is related to the ratio of two probabilities, the probability k of capture of a lysin molecule per unit 
and a in expression (1) is a number of lysin molecules which must be captured by a cell at the same moment if lysis is to occur. Its value is related to that of v, and is, very nearly, a ---(c...,.r)/2 × 10 n (4)
Values for R obtained by the first and second of these methods are given for 5 lysins in columns 1 and 2 of Table II . Values for v, a, and c**.0 are given in columns 3, 4, and 5. Columns 6 and 7 indicate whether the reaction is progressive or not; the value of F is the extent to which the system appears to be diluted, as judged by the progress of the hemolytic reaction, when it is actually diluted tenfold (Ponder, 1953) . The values in Table H , although representative, may vary by as much as 4-25 per cent in different experiments.
Three points are brought out by the results in Table II. 1. There is a real discrepancy between the value of R, i.e. of the quantity of lysin which seems to be taken up by a population of red cells or ghosts, when it is measured by direct methods (column 1) and when it is deduced from the lysis which occurs in a second population added after the lysis of a first population (columu 2). Croes and Ruyssen (1951 b) have also noticed this. Direct measurement gives a value from one-half to one-quarter that deduced from the lysis of a second population. This is a restatement of the difficulty (Ponder, 1948 ) that when the velocity of the process is expressed as
it is often impossible to decide on the relative values to be assigned to x, the amount of lysin used up in reacting with the cells, and A, the amount of lysin rendered inert by inhibitors in the system. It is now certain that x is not zero, but A is not zero either.
2. Variation of the number of red cells in the system gives a series of values of ~, a, and e®.0 (columns 3, 4, and 5), but there seems no reason to divide the lysifis into two groups, as proposed by Croes and Ruyssen (1951 b) , those for which the relation between e~ and N makes an intercept on the c®-axis, and those for which it does not. The line makes an intercept in all cases, and the value of the intercept increases with the value of a. This, the quantity of lysin which must be captured simultaneously if lysis is to occur, varies from 3 X 10 -s to 250 X 10 -s ~,/cell, or, since the lysins which have the smallest and largest values of a are digitonin and sodium lauryl sulfonate-S 35, from 1.5 X 107 molecules/cell for the former to 6 × 109 molecules/cell for the latter.
3. In the case of sodium lauryl sulphate and sodium lauryl sulfonate-S aS, the hemolytic reaction is not progressive. Addition of 10 volumes of saline to red cells in contact with the Latter lysin can be shown to result in an immediate and considerable reduction (as much as 55 per cent) in the lysin taken up by them; i.e., the lysin is not firmly fixed. Such a dilution brings lysls to a stop almost at once, even if there is as much as 75 per cent lysis in the system. The ease with which a lysin, once taken up by the red cell, can be detached by diluting the system is a property which has no necessary or observed connection with the quantity taken up in the first place. Thus the hemolytic reaction in systems containing digitonin, a very active lysin, and in systems containing sodium taurocholate, a much less active one, are equally progressive.
There now seems to be ample evidence (Croes and Ruyssen, 1951 , Ponder and Cox, 1952 , Ponder, 1953 , and this paper) that lysis in systems containing simple hemolysins is a process involving two stages in time and two phases, the solution in bulk and another phase localized at or around the cell surface. The first stage is the entry of the lysin into the local phase. This process is reversible, but to different extents and probably at different rates in systems containing different lysins. The second stage is the hemolytic reaction proper, in which the lysin combines irreversibly with the components of the cell's ultrastructure and destroys its integrity. It requires that the lysin concentration in the local phase be maintained above a certain value for a certain time. Perhaps a very high concentration maintained for a short time has the same effect as a lesser concentration maintained for a longer time; the essential point is that below a certain minimal concentration, lysis will not occur no matter how long the time. The situation is further complicated by the liberation of inhibitory substances which can react with the free lysin of both phases. As a result, statements about hemolysis which take account only of the reaction between the lysin and the cell surface (e.g., the statement that hemolysis occurs when a monolayer of lysin is formed or when the lysin has combined with a certain fraction of the cell lipid, or the statement that the amount of lysin needed for lysis of the ceils of different animals is determined by the cholesterol content of the cells) are incomplete, and are most unlikely to be supported by experiment. venient and eliminates reactions A1 and A2. Our method of converting H2SO4 to BaS may be of interest and is therefore mentioned.
Concentrated sulfuric acid (0.05 ml.) is added directly to the solution of sulfuric acid-S s5 in 0.1 N hydrochloric acid while in the original container. To this is added dropwise a near saturated Ba(OH)2 solution until the pH = 10. The resultant slurry is then pipetted into a carbon boat. The boat is made by milling out a slot in a graphite bar. When the barium sulfate slurry is quantitatively transferred to the boat, the water is evaporated using an infrared lamp as a heat source. The disadvantage to precipitation of the sulfate in the boat lies in the fact that the original solution seeps into the graphite and cannot be properly reacted with the barium hydroxide. The thoroughly dried boat and the contents are then slipped into a combustion tube through which hydrogen gas is passed. When the tube is flushed out the section conmining the boat is heated rapidly to 1000°C. as hydrogen is constantly passed through it. The tube is maintained at 1000°C. for 1 hour and then rapidly cooled. (Total time 1.7 hours.)
The boat and its contents are placed in an ignition tube, the upper end of which is then heated and a neck pulled out to allow for an easy seal. Instead of the boat, of course one could add the Oak Ridge sample No. 16-PB to such a tube at this stage. A previously prepared solution of sodium polysulfide is added to the tube, and the latter is sealed off. The sealed tube is rotated for several hours to thoroughly mix the contents and equilibrate the radiosulfur between the various ionic species. The polysulfide solution is made by dissolving 1.5 gin. of Na2S.9H20 in 10 mh of water and then dissolving 220 mg. of powdered sulfur in this solution. This should give a true solution, deep red in color, and is a critical step since a deficiency of sulfur, and therefore, a deficiency in polysulfide, leads subsequently to the formation of a sulfide link (--S--) rather than the desired disulfide link (--S--S--). Inasmuch as this is an equilibration process the maximum activity which will be found in the polysulfide is that represented by the ratio of the two compounds, BaS and Na~S=, assuming that x = 2.5 and it is therefore necessary to take this into account.
Reaction Bl.--The equilibrated solution is filtered and then transferred by pipette to a 100 ml. reaction flask fitted with a condenser, tru-bore stirrer, and dropping funnel. (Drawings of our equipment are available on request.) Dodecyl bromide (1.5 gm.) in methanol (10 ml.) is added dropwise to the stirred polysulfide solution. After adding 10 per cent of the bromide the mixture is heated to gentle reflux for the remainder of the addition and for an additional hour (total time 1.5 hours). The mixture is cooled, treated with 25 ml. of water and let stand overnight. The waxy precipitate is collected by centrifugation in a 50 ml. tube and washed once with 10 ml. of water.
Rearlion Bg.--To the centrifuge tube containing the disulfide precipitate are added 3 ml. of sulfuric acid (1:2 concentrated sulfuric acid :water) and 700 mg. of zinc dust in small portions. The slurry is stirred and warmed during this addition. After the slurry is let stand for 1 hour it is extracted with ether (5 X 10 ml.) using a pipette to mix the layers by a pulsating jet action, and a clean pipette to remove each ether layer after centrifugation of the mixture. This ethereal solution of dodecyl sulfide is dried over sodium sulfate and then can be used directly in the next step.
ReacAian B3.--A slurry of lead acetate Pb(Ac)2 (1.0 gin.) in ethanol (10 ml.) is prepared in a clean 50 ml. centrifuge tube, stirred rapidly and treated dropwise with the sulfide solution from reaction B2. The mixture becomes a bright yellow and finally a dirty yellow precipitate forms. The lead sulfide salt is centrifuged off, triturated with 2 X 3 ml. of water and air-dried overnight. Reaction B4.--The above yellow precipitate is treated with 3 ml. of 1:1 concentrated nitric acid:water. The mixture turns red, evolves brown fumes, and finally clears to give a lustrous white precipitate of the lead dodecyl suifonate. Again the precipitate is centrifuged down and triturated with water (2 X 3 ml). After drying the precipitate in va~uo, it is treated with hot acetone (4 × 5 ml.) and these acetone washes are discarded.
Reaaion B5.--Dry, redistilled isopropyl alcohol (5 ml.) is added to the sulfonate salt. The slurry is heated and hydrogen chloride gas is bubbled into the mixture (0.5 hours) until the suspended precipitate loses its waxy lustre and becomes heavy and fiat white indicating the liberation of the sulfonate and formation of lead chloride. The lead chloride is filtered off, using a pipette to effect the transfer. The isopropyl alcohol is removed in ~,cuo. The residue is taken up in water and the solution extracted with ether (2 X 5 ml.) and titrated to pH 8 with 2 N sodium hydroxide. The water is removed by heating the solution in ~c~a~. The residue is sodium dodecyl sulfonate-S 3s.
The over-all yield is approximately 40 per cent, allowing for a loss in reaction B1 in which some didodecyl monosulfide was formed. A level of 1 to 5 mc S3~/m~ of sodium dodecyl sulfonate is easy to obtain. 
S~A R Y
The quantity of a radioactive hemolysin, sodium dodecyl sulfonate--S 36, taken up by red cells from concentrations too small to produce hemolysis varies with the lysin concentration, and does so in a way which can be described by an adsorption isotherm. Attempts to use color reactions or surface tension measurements to determine the quantity of digitonin, saponin, and the bile salts taken up by red cells from hypolytic concentrations have failed, principally because chromogenic, and also surface-active, substances are liberated from the cells when the lysin is added. Color reactions with the anthrone reagent show that digitonin and saponin are both taken up by or fixed to red cell ghosts; the extent of the uptake, however, is uncertain, again because of the liberation of chromogenic substances.
Comparison of the results of the various methods which measure the apparent amount of lysin fixed, or utilized in reactions between lysins and red cells or ghosts show discrepancies between results given by direct methods (measurement of radioactivity or of color) and indirect methods (addition of a second population after lysis of a first, and dependence of the position of the asymptote of the time-dilution curve on the number of red cells). The discrep-ancies are traceable to the inhibitory effects of substances liberated from the red cells or ghosts.
The ease with which a lysin, once taken up by red cells, can be detached by diluting the system determines the extent to which the hemolytic reaction is "progressive," but has no observed connection with the quantity taken up in the first place. There is now ample evidence that lysis in systems containing simple hemolysins is a process involving two stages in time and two phases, and that it is usually complicated by reactions between the hemolysin and liberated inhibitory material.
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